Patterns of resistance and therapeutic synergism among alkylating agents.
Alkylating anticancer drugs are varied in chemical structure, alkylating moieties, and likely mechanisms of cytotoxic activity for vital normal cells and sensitive tumor cells. This has been objectively documented by numerous examples illustrating: (1) different in vitro and in vivo reaction products; (2) greater than additive, additive, and less than additive cytotoxicity of drug combinations for vital normal cells in the mouse; (3) readily reproducible and often marked therapeutic synergism between a variety of 2-drug combinations of alkylating agents against a wide variety of histologic types of murine tumors, and (4) observed resistance and cross-resistance of a variety of murine tumors, selected for resistance to specific alkylating agents, compatible with recognized chemical and functional differences between these drugs. The most important observations on resistance and cross-resistance reported are: (a) L1210 cells selected for complete resistance to cyclophosphamide (CPA) retain full sensitivity to selected nitrosoureas (BCNU, CCNU, MeCCNU), chlorozotocin), dianhydrogalactitol, and cis-DDPt, while retaining marked but somewhat reduced sensitivity to L-PAM, piperazinedione, and thioTEPA. (B) L1210 cells selected for resistance to BCNU retain full sensitivity to CPA, L-PAM, and dianhydrogalactitol. They show complete cross-resistance to BIC and variable cross-resistance to other selected nitrosoureas and piperazinedione. (c) L1210/L-PAM has incomplete but marked resistance to L-PAM. It is similar to the parent drug-sensitive line (L1210/0) in response to BCNU, CCNU, MeCCNU, and BIC. It is variably (usually moderately) cross-resistant to CPA, chlorozotocin, dianhydrogalactitol, and thioTEPA, but is completely cross-resistant to cis-DDPt. These resistance and cross-resistance patterns, which are consistent with most other biological and chemical principles established with these alkylating agents, may be useful in selecting alkylating drug combinations for inclusion in chemotherapy protocols in man which, on the basis of diverse observations in animal tumor systems, appear to be clearly indicated.